Nuclear magnetic resonance studies of the hammerhead ribozyme domain. Secondary structure formation and magnesium ion dependence.
Proton nuclear magnetic resonance (n.m.r.) experiments were used to probe base-pair formation in several hammerhead RNA enzyme (ribozyme) domains. The hammerhead domains consist of a 34 nucleotide ribozyme bound to a complementary 13 nucleotide non-cleavable DNA substrate. Three hammerhead domains were studied that differ in the sequence and stability of one of the helices involved in recognition of the substrate by the ribozyme. The n.m.r. data show a 1:1 stoichiometry for the ribozyme-substrate complexes. The imino proton resonances in the hammerhead complexes were assigned by two-dimensional nuclear Overhauser effect experiments. These data confirm the presence of two of the three helical regions in the hammerhead domain, predicted from phylogenetic data; and are also consistent with the formation of the third helix. Since a divalent cation is required for efficient catalytic activity of the hammerhead domain, the magnesium ion dependence of the n.m.r. spectra was studied for two of the hammerhead complexes. One of the complexes showed very large spectral changes upon addition of magnesium ions. However, the complex that has the most C.G base-pairs in one of the recognition helices shows essentially no spectral (and therefore presumably structural) changes upon addition of magnesium. These data are consistent with a model where the magnesium binding site already exists in the magnesium-free complex, suggesting that the magnesium ion serves primarily a catalytic, and not a structural, role under the conditions used here.